Dermatophytosis is caused by a group of pathogenic fungi namely, dermatophytes, is among the most prevalent infectious diseases worldwide. Azole drugs are widely used in the treatment of dermatomycosis, but can cause various side effects and drug resistance to the patients. Hence, for solving this problem can be used from the plant extract as alternative for chemical drugs. Allicin is a pure bioactive compound isolated from garlic was tested for its potential as a treatment of dermatomycosis in this study. This study evaluated the in vitro efficacy of pure allicin against ten isolates of Trichophyton rubrum and the MIC 50 and MIC 90 ranged from 0.78-12.5 µg/ml for allicin. The results revealed that the order of efficacy based on the MICs values, all isolates showed almost comparable response to allicin and ketoconazole except for some isolates, at 28 ºC for both 7 and 10 days incubation. Mann-Whitney test indicate that MICs at 7 days incubation was not observed a significant difference between the effects of allicin and ketoconazole (p > 0.05), but MICs at 10 days incubation, a significant difference was observed (p ≤ 0.05). On the other side, time kill studies revealed that allicin used its fungicidal activity within 12-24 h of management in vitro as well as ketoconazole.
INTRODUCTION
Dermatophytosis is among the most popular and prevalent infectious disease worldwide that caused by dermatophytes.
Dermatophytes are the main cause of superficial fungal infections of the skin, hair and nails of human and other animals (2, 12) . Among the various types of dermatophytes, Trichophyton rubrum is clinically the most common genus of human pathogenic dermatophytes and has been the most frequently isolated dermatophytes (20) . The azoles group of antifungal drugs has been used to cure dermatomycosis.
Ketoconazole and fluoconazole are effective in treating *Corresponding Author. Mailing address: Department of Medical Biotechnology, School of Advanced Technologies in Medicine, Tehran University of Medical Sciences, Tehran, Iran.; Tel.: +98-9121218439.; E-mail: srezaie@tums.ac.ir Antifungal properties on T. rubrum dermatomycosis but may cause undesirables side effects and toxicity to patients. It has been reported that the increased in the use of these drugs may cause drug resistance to all agents in the azoles group (1, 10) . Hence, this study was aimed at the investigation on the use of a plant extracts as one of the alternatives to treat dermatomycosis. One of the most common plant extracts being used for medicinal purposes is garlic extracts (Allium sativum). The therapeutic effect of garlic is because of sulfur-containing compounds and thiosulfinates (17) . The interaction of sulfur compounds (such as allicin) with sulphur (thiol-containing enzymes) groups of microbial enzymes (such as trypsin and other proteases) which caused inhibition of microbial growth (14) . Allicin (diallyl thiosulphinate) is a pure bioactive compound isolated from garlic. It is manufactured via an enzymatic response from freshly crushed garlic (5) . Allicin is made with a mixture of allinase (the enzyme that is stocked in an isolated section in garlic) and alliin (a compound in fresh garlic) (14) . Allicin has been reported to show antibacterial properties (3) and antifungal activities (5, 10, 14, 17) . Ajoene is the ingredient from allicin that has antifungal action against Aspergillus niger and Candida albicans (19) . Currently, pure grade allicin is available commercially. Pyun and Shin (10) This study was aimed at the evaluation of in vitro antifungal activity of allicin against 10 isolates of T. rubrum, which is determined by broth microdilution.
MATERIALS AND METHODS

Study design
Ten isolates of T. rubrum were examined for their interactions with natural product; allicin, and drug; 
Media
The standard RPMI 1640 (Sigma chemicals Co, USA) medium based on CLSI guidelines M38-A was prepared.
Antifungal compounds and dilutions
Two antifungal agents namely, allicin (AlexisBiochemicals Co, San Diego, USA) was dissolved in 10 mg/ml in methanol/water/formic acid (60:40:0.1), then stored at -20 to -70 °C. Ketoconazole (Sigma chemicals Co, USA), was dissolved in 100% dimethyl sulfoxide (DMSO) at 1.5 mg/ml according to the protocol of CLSI M38-A, and arranged as a Antifungal properties on T. rubrum stock solution of 1000 µg/ml. The stock was 2Χ diluted in RPMI 1640 when the antifungal mixture was examined individually to give the same final strength required for the test (13) . A series of twofold dilutions were prepared at 100 times higher than the highest expected final test concentration The CFU were calculated as soon as growth becomes observable. These suspensions were diluted 1:50 in RPMI 1640 medium, which matched with 2x, which was the density needed (about 2-4×10 conidia/ ml). The test inoculums were prepared in enough volume to inoculate each well with 100 µl of the corresponding diluted inoculum suspensions.
Test procedure
U-bottomed 96 well microdilution plates (Brand 781660, Wertheim, Germany) were used.
Antifungal susceptibility testing
To each well, 100 µl of the corresponding fungal 
Time-kill studies
Ten isolates of T. rubrum were grown as mentioned above in the presence of 12.5 µg/ml allicin and 4 µg/ml ketoconazole to determin the time-kill activities. The reason behind the selection of these concentrations was because they were 
RESULTS
The MICs of allicin was obtained at 0.78-12.5 µg/ml and ketoconazole 0.25-8.0 µg/ml in the study. Results showed that the order of efficacy based on the MIC 50 and MIC 90 values, all isolates showed almost comparable response to allicin and ketoconazole except for some isolates at 28 ºC at both 7 and 10 days incubation. Values for MICs at 10 days incubation were higher than for 7 days incubation for allicin and ketoconazole (Table 1 and 2).
Time-kill study outcomes reveal that conidia grown from T. rubrum exhibited a reduction in viability after 12-24 h of incubation in the presence of 12.5 µg/ml allicin and 4 µg/ml ketoconazole ( Figure 1 ). It also shows that allicin decreased the growth of T. rubrum almost as well as ketoconazole. 
Data analysis
A series of Mann-Whitney tests were used to compare the effects of allicin and ketoconazole on T. rubrum after 7 days incubation. In summary, there is no significant differences between allicin and ketoconazole (Mann-Whitney U=28.00, p>0.05).
Another series of Mann-Whitney tests were used to compare the effects of allicin and ketoconazole on T. rubrum after 10 days incubation. Briefly, there is significant difference between allicin and ketoconazole (Mann-Whitney U=18.00, Antifungal properties on T. rubrum p≤0.05).
Determination of all the MICs were performed in triplicate. Therese et al. (16) showed that the isolates were resistant in vitro to ketoconazole, with the MICs>0.8 μg/ml. Our results displayed that the isolates were all resistance to ketoconazole in MIC except for T. rubrum 4, 7 and 9, thus this data confirm the resistance of T. rubrum isolates to ketoconazole.
DISCUSSION
Time-kill study outcomes reveal that in the presence of In conclusion, allicin is potentially as good as antifungal compound against dermatophytes, almost as good as ketoconazole. Therefore, it can be considered as an effective, safe and suitable alternative in the treatment of dermatomycosis. However, further research is required including "in vivo" studies, as there is a lack of data in this field.
